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SUMMARY 
1. Bark from hemp retted in the field and under controlled 
conditions in the laboratory was analyzed at intervals in 
order to follow the biochemical changes occurring during 
retting. Pure cultures of certain dominant retting fungi 
were inoculated into sterile hemp bark, and similar analyses 
were carried out after decomposition was allowed to con-
tinue for intervals up to 20 days. 
2. Regardless of the method of retting or the stage of 
maturity of the hemp, there was considerable early loss of 
water-soluble constituents, of furfuraldehyde-yielding con-
stituents and total uronic groups. 
3. The reduction in the total uronic content of the bark 
reflected the progress of retting better than that of any 
other constituent. Well-retted hemp bark had a total uronic 
content of about 5-6 percent as compared to 9.-10 percent 
on the unretted bark. 
4. Under controlled anaerobic conditions about one-half 
of the water-soluble constituents and the furfuraldehyde-
yielding constituents were removed in the first 36 hours. 
Attack upon the cellulose was negligible until after· 48 hours. 
Under .field conditions there was evidence of appreciable 
cellulose utilization when the samples were well retted. 
5. The progress of retting was invariably accompanied 
by an attack on the polyuronide hemicelluloses proportion-
ately as great, or almost so, as that upon the pectin. The 
freeing of the bundles cannot be regarded as exclusively a 
matter of pectin decomposition. 
6. No appreciable changes occurred in the major con-
stituents of the woody portion of the hemp straw during 
retting. 
. 
7. Various fungi in pure culture were quite similar in 
the attack they effected upon the constituents of hemp bark. 
There was no indication that TrichotheciU'in roseurn, which 
in the field was suspected to cause fiber weakness, was any 
more vigorous in cellulose decomposition than the other 
organisms normally present on hemp straw. 
The Retting of Hemp 
III. Biochemical Changes Accompanying 
Retting of Hempl 
By W. H. FULLER and A. G. NORMAN~ 
Information as to the nature of the chemical changes 
that occur during the biological retting of hemp is scanty. 
Flax retting has been far more extensively studied, mostly 
by European workers; but it has frequently been implied 
that the principles involved and the problems met with 
are similar in flax and hemp retting. This subject is well 
reviewed by Thaysen and Bunker (9). It has been repeat-
edly stated that the essential biochemical change is the 
decomposition of the pectic substances present in the middle 
lamella of the parenchymatous tissue cells as a result of 
which the bundles become readily separable from the wood 
and the epidermis. It cannot be said, however, that there 
is clear analytical evidence for this statement. Moreover, 
there must be concurrent utilization of other tissue constit-
uents, and progressively an attack on the fiber bundles, 
manifest in practice by the ultimate weakening and dete-
rioration that occurs in over-retting. The processes that 
occur in retting constitute in fact the first stages in the 
decomposition of the hemp straw. Desirable changes that 
result in the liberation of the fibers pass imperceptibly into 
undesirable changes that result in impa-irment of quality. 
There is no certain way of determining when retting is 
complete. Reliance ordinarily is placed upon the judgment 
of the observer, which is based on the appearance of the 
straw and on simple mechanical tests. Whether the com-
pletion of retting under controlled conditions in tanks can 
properly be judged by standards similar to those applied to 
field-retted material is doubtful. Although the ultimate 
result is similar in that the fibers can be separated from 
the straw, it is not necessarily to be expected that the bio-
chemical changes brought about by populations so different 
in character as those active in field retting, and those in 
deep tanks, are identical. In order to obtain information 
on the nature of the changes that occur to the constituents 
of the straw, samples of field retted and controlled retted 
hemp have been analyzed,in some detail. 
lProject 82( of the Iowa Agricultural Experiment Station. 
2Research associate. Soils Subsection. and research professor. Soils Subeection. 
respectively. 
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EXPERIMENTAL 
SOURCE OF HEMP 
Samples of field-retted hemp were taken at Kanawha in 
1942, Ames in 1943, and Britt, Eagle Grove, Grundy Center, 
Hampton, Humboldt and Traer in 1944. The observed 
nature of the fiber of these samples was as follows: 
Source 
Kanawha 
Ames 
Grundy Center 
Grundy Center 
Grundy Center 
Grundy Center 
Grundy Center 
Britt 
Eagle Grove 
Hampton 
Humboldt 
Traer 
Crop 
1942 
1943 
8-15-44 
9- 1-44 
9- 9-44 
9-15-44 
10- 1-44 
1944 
1944 
1944 
1944 
1944 
Nature of fiber 
moderately strong; well retted 
moderately strong; well retted 
slightly weak; slightly over-retted 
strong; well retted 
moderately strong; well retted 
strong; well retted 
strong; slightly under-retted 
strong; well retted 
strong; well retted 
slightly weak; slightly over-retted 
moderately strong; well retted 
weak; over-retted 
In 1944 samples from "Grundy Center were taken from 
the same field, the hemp being cut at five different dates 
in order to give information as to possible differences due 
to state of maturity. In addition to these samples, the retting 
of which was considered at the time to be completed, 
samples were taken periodically during the progress of 
field retting at Ames in 1943 so that unretted, partially 
retted and completely retted hemp were obtained. 
Hemp for controlled retting was obtained from Spencer 
in 1943, Ames in 1943 and Grundy Center in 1944. The 
Ames and Grundy Center hemp was cut, tied into bundles, 
and placed indoors as soon as it was dry. The Spencer hemp 
was allowed to lie on the stubble about 2 months before 
being picked up, and was lighter in color than the other 
hemp, having been bleached by the sun. The methods fol-
lowed in controlled retting are described in another publi-
cation (5). Samples were taken for analysis periodically 
throughout the retting process. " 
PREPARATION OF SAMPLES 
The hemp was prepared for chemical analysis by stripping 
the outer bark from the woody core by hand. No attempt 
was made to separate the adhering epidermis from any of 
the fiber. The two parts, bark and wood, were weighed 
and ground separately. Moisture determinations were made 
and the proportion of bark to wood calculated. 
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ANALYTICAL PROCEDURES 
1. Nitrogen: Nitrogen was determined by the official 
Gunning-Hubbard method (1). 
2. Water-soluble constituents: Hot water-extractable 
constituents were determined by adding 100 ml. of water to 
a 1-gram sample, allowing to stand 1 hour at 75° C., filtering 
through broadcloth, \lrying and weighing. 
3. Cellulose: The cellulose was determined by the method 
suggested by Norman and Jenkins (8). 
4. Furfuraldehyde yield: Furfural was determined on 
both the original samples and the isolated cellulose by the 
official A. O. A. O. method (1). 
5. Urone units: The urone units were determined by 
decarboxylation of uronic carboxyl groups on boiling with 
12 percent HOI. The apparatus described by Bartholomew 
and Norman (2) was used. 
6. Pectin extractions: One-gram samples of ground 
hemp bark were extracted with 100 ml. 0.5 percent ammon-
ium oxalate for 4 hours at 75° C., filtered, returned to a 
beaker, and extracted 20 hours with further quantities of 
ammonium oxalate. The washed residues were dried, 
weighed and analyzed for uronic units. The 002 obtained 
from this extracted residue was co.nsidered as being de-
rived from the urone units of polyuronide hemicelluloses. 
The difference between the polyuronide urone and the total 
uronic content was taken as indicative of the pectin content, 
inasmuch as pectin is a polygalacturonide. 
Inasmuch as the separation of the fiber was considered 
to be dependent upon biochemical changes in the cells of 
the bark in which the fibers lie, detailed analyses were 
carried out primarily on that part of the straw samples. 
AN ALYSIS OF FIELD-RETTED HEMP 
Nine samples of field-retted hemp were studied. Two of 
these, from Kanawha and Ames, were taken from experi-
mental plots, and in these cases samples of the unretted 
hemp straw also were taken at the time of harvest. The 
remaining samples were taken from lots of field-retted 
hemp as they reached the various hemp mills in 1944. The 
analytical figures are given in table 1, and are expressed 
on the retted or unretted sample as collected. 
Comparing first the unretted and retted samples from 
the same fields the most obvious changes are the reduction 
in total furfural yield and urone content. These jointly 
indicate that the polyuronide hemicelluloses and pectin 
have undergone attack. Reviewing the retted samples as a 
Source 
Kanawha 
1942 
---
Ames 
1943 
Grundy Center 
Cut 9/1/44 
Grundy Center 
Cut 9/9/44 
Britt 
1944 
Eagle Grove 
1944 
Hampton 
1944 
Humboldt 
1944 
Traer 
1944 
TABLE 1. ANALYSES OF BARK FROM UNRETTED AND FIELD-RETTED HEMP. 
(Expressed as percent of oven·dry sample.) 
Condition 
of 
ret 
Green unretted 
Slightly 
under-retted 
I Green 
unretted 
I Well retted 
Green 
unretted 
Well retted 
Fiber 
-------
Strong 
Mod. strong 
Strong 
Weak 
Mod. strong 
Weak 
Bark· 
(percent of 
stalks) 
19.8 
.... 
20.1 
22.6 
------
19.1 
18.4 
19.3 
18.5 
.... 
IB.2 
19.2 
IB.1 
Nitrogen 
0.8 
0.5 
0.8 
1.4 
0.9 
1.1 
1.0 
1.5 
1.0 
1.1 
1.1 
1.6 
Hot water-
soluble 
constituents 
1942 
9.7 
9.2 
1943 
14.8 
7.3 
1944 
16.5 
12.3 
9.6 
11.7 
11.6 
12.2 
9.7 
I 12.5 
Cellul".e 
I 
I 
63.9 
66.5 
' 62.9 
7'1.7 
60.8 
66.2 
66.4 
M.3 
69.6 
69.1 
68.9 
65.3 
Tot.l 
furfural 
yield 
5.2 
3.9 
4.4 
2.6 
4.6 
3.3 
2.9 
2.5 
2.6 
2.4 
2_6 
-
2.6 
------
Furfural 
from 
cel!ulose 
1.6 
1.5 
1.6 
1.1 
1.3 
1.1 
1.1 
1.0 
1.1 
1.1 
1.0 
1.1 
-----
Total 
urone 
units 
9.4 
6.3 
10.3 
6.6 
9.2 
5.B 
S.B 
5.2 
5.8 
5.0 
5.6 
5.1 
------
Polyuronide 
hemicellulose 
urone 
3 3 
1.5 
4.3 
3.0 
4.6 
1.9 
2.2 
2.3 
1.9 
1.5 
2.2 
2.1 
--- -
c:> 
c.o 
I.\:) 
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whole, there is an evident similarity in the composition of 
the bark from hemp samples retted to about the same con· 
dition. 
The stage of maturity of the hemp when harvested was 
shown to affect the composition of the bark and the magni. 
tude of the changes brought about by retting. (Table 2.) 
In the case of these samples the loss of weight that occurred 
during the rettingprocess was determined, and the analyses 
could therefore be calculated on the basis of 100 g. dry 
. unretted straw. 
Because of the wet fall, the retting of the hemp cut Aug. 
15 and Sept. 1 and 15 proceeded rapidly. That cut on Oct. 
1, however, was a little under.retted, even by Dec. 10. The 
extent of the loss caused in retting is shown by the amount 
of bark left after retting. (Column 2, table 2.) The retting 
loss was calculated by determining the loss in weight of the 
bark of weighed hemp bundles placed in the field in the 
retting hemp. 
The composition of the green hemp changed somewhat 
with maturity. The relative proportion of cellulose com· 
pared to the other plant constituents increased slightly as 
the plants became more mature, while the content of nitro· 
gen, furfuraldehyde·yielding constituents and urone de· 
TABLE 2. THE CONTENT OF VARIOUS CONSTITUENTS OF BARK TAKEN 
. FROM GRUNDY CENTER HEMP RETTED IN THE FIELD AT AMES (1944). 
(Expressed on basis ot 101) grams of original unretted bark.) 
Time 1 1 1 Hot water-III Furimu 1 I Pol~ronide retted Bark Nitro- sol!lble Cellulose Total from Total hemicellulose 
(days) ~ gen constItuent. furiural cellulose mone mone 
, 
Cut 8-15-44 
I) r 100.0 I' 0.99 17.5 1 60.4 1 4.7 1_1._4 I~I 5.0 
.16 78.6 1.08 9.2 51.4 2.0 0.8 3.7 1.5 
----
Cut 9-1-44 
o 1100.0 I 0.93 16.5 
1 
60.8 1i8-~I~ 4.6 2&- 9004 1.02 11.1 59.9 3.0 1.0 S.2 1.7 
----
Cut 9-15-44 
-1-1 1~'Ii8~ 9.0 I o 100.0 0.81 14.9 4.3 _19_~ 0.90 9.8 .53.1 2.6 1.0 504 1.8 
-- --
Cut 10-1-44 
o 1100.0 I~ 14.3 
I 
62.1 I 4.2 I 1.4 I 9.0 BE 76 94.9 1.09 10.6 61.9 3.2 !.2 6.8 2 .. 6 
----
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creased. In the youngest samples more than half the urone 
was present in the polyuronide hemicelluloses, but as matu-
rity was approached, these polysaccharides accounted for 
progressively less of the total urone, presumably due to an 
increase in pectic constituents. 
The nitrogen content of the bark of the field-retted ma-
terial was higher than that of the unretted samples. 
The cellulose of hemp cut and spread to ret on Aug. 15 
and Sept. 15 was appreciably attacked. These lots of hemp 
appeared to be very well retted when picked up from the-
field. The hemp cut on the other dates did not appear to be 
over-retted, and analysis showed that there was no signifi-
cant loss of cellulose. 
Those plant constituents represented by the furfural de-
hyde yield and uronic content underwent a greater pro-
portional loss throughout the progress of retting than did 
the cellulose, though when the hemp was very well retted 
the loss in weight of cellulose was considerable. The loss of 
total urone was much heavier in the young material than the 
old. The pectin loss appeared to be greatest in the youngest 
sample and about the same in the others. When over-retting 
took place, as exemplified by samples cut Aug. 15 and Sept . 
.15, the loss of furfural and urone due to polyuronide hemi-
cellulose was greatest. 
ANALYSIS OF HEMP RETTED UNDER CONTROLLED 
CONDITIONS 
Analyses of samples of hemp withdrawn from anaerobic 
tank retting experiments are given in table 3. One series 
is representative of material the pH of which was controlled 
and not allowed to fall below 5.6; in the other case, no 
control of acidity was exercised. The process was continued 
for 72 hours even though retting was adjudged complete 
TABLE 3. THE DECOMPOSITION OF VARIOUS CONSTITUENTS OF BARK 
FROM ANAEROBICALLY RETTED AMES HEMP. 
(Expressed on basis of 100 grams of original Ullretted sample.) 
Bark Hot water-
Time content of Nitrogen soluble Cellulose Furfural 
retted hemp constituents (total) 
------------------
Hours A B A B A B A B A B 
-----
------------------
0 20.1 20.1 0.78 0.78 14.8 14.8 62.9 62.9 4.4 4.4 
---------
--
------------36 18.1 18.1 0.62 0.68 7.5 7.9 62.9 62.5 2.9 3.1 
------------------48 17.4 16.9 0.58 0.56 5.2 5.3 63.Q 62.2 2.4 2.6 
-----
------------------72 14.8 15.3 0.52 0.59 3.4 3.4 56.4 57.6 1.9 2.2 
A-Anaerobically retted hemp-pH contl'olled-7.0·5.6 (37 0 C.) 
B-Anael'obically retted hemp-pH not contl'olled (37' C.) 
Furfural 
from 
cellulose 
--
--A B 
--
--1.3 1.3 
----1.3 1.3 
----1.1 1.1 
--
--0.8 0.8 
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earlier than this. The decrease in weight of the bark as 
retting proceeded was fairly uniform. 
The greatest decrease in nitrogen content and hot water-
soluble constituents occurred within the first 36 hours of 
retting. Thereafter the decrease was slow but uniform. 
About half of the water-soluble constituents disappeared 
during the first 36 hours. Both the nitrogen content and 
hot water-soluble constituents were substantially reduced 
in the controlled retted hemp in comparison with the field-
retted hemp. 
The analyses indicate that no attack upon the cellulose 
took place until after the 48th hour of retting. About 10 
percent loss was registered by 72 hours, at which time the 
hemp was considered to be retted longer than necessary. 
An analysis of the furfural-yielding component of cellulose 
from retted hemp bark indicated that a slight attack on 
the plant cellulose may have taken place as the retting time 
approached the 48th hour; however, by 72 hours more than 
one-third of the pentosan associated with the cellulose had 
been removed. 
The availability of the furfural-yielding constituents not 
associated with the cellulose is clearly brought out in table 
3. A reduction of 50 percent in the total amount of these 
constituents appeared during the first 36 hours of retting. 
Thereafter the loss was quite slow. When the hemp was 
believed to be well retted (36 to 48 hours when the acidity 
was controlled and 48 to 60 for that without control) the 
yield of furfural was about the same from hemp retted by 
the two different methods. . 
The changes in the amount of the constituents of the 
Spencer hemp, due to retting, were similar to those that 
took place with the Ames hemp under similar conditions. 
(Table 4.) The initially lower content of hot water-soluble 
constituents of the Spencer hemp compared to that of the 
unretted Ames hemp may be explained by the fact that an 
attack on these constituents occurred in the field prior to 
. storing. Despite this initial difference the contents of water-
soluble constituents were about the same for both hemps 
at the end of 72 hours of retting. 
The concurrent attack on the constituents of the woody 
"hurds" of the Spencer hemp was negligible, as indicated 
by the data in table 5. 
Determinations of the total uronic content of bark from 
unretted hemp and from samples retted by several controlled 
methods for various lengths of time are given in table 6. 
The total uronic content of the unretted Ames hemp was 
initially slightly higher than that of the Spencer hemp. As 
retting progressed there was a steady reduction of the con-
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TABLE 4. THE DECOMPOSITION OF V ARlOUS CONSTITUENTS OF BARK 
FROM ANAEROBICALLY RETTED SPENCER HEMP. 
(Expressed on basis of 100 grams of original unretted Bample.) 
Bark Hot water-
Time content of Nitrogen soluble Cellulose 
retted hemp constituents 
-------------------
Hours A B A B A B A B 
-------------------
0 20.3 20.3 0.88 0.88 8.1 8.1 66.5 66.5 
-------------------
12 19.2 20.0 0.71 0.62 6.5 7.0 65.8 67.7 
---------------
----
24 19.9 19.9 0.72 0.65 .... .... 69.0 70.8 
---
----
----
--------
36 18.9 19.2 0.69 0.73 .... .... .... .... 
-------------------
48· 17.6 18.3 0.65 0.69 3.9 5.3 63.2 65.7 
-----
--------------
60 16.4 17.7 0.62 0.67 .... .... 59.7 63.6 
--------------------
72 15.5 17.1 0.55 0.68 3.4 4.0 56.6 63.1 
A-Retted anaerobically; pH controlled, 7.0-6.2; 37° C. 
B-Retted anaerobically; pH not controlled; 37· C. 
Furfural 
Fudural from 
(total) cellulose " 
--------A B A B 
--------
5.1 5.1 1.2 1.2 
----
--
--
4.1 4.3 1.1 1.2 
--------
3.8 4.1 1.2 1.3 
------
--
.... . ... .... . ... 
--
------
3.5 3.7 1.1 1.2 
--------
3.2 3.6 1.1 1.2 
----
--
--
2.7 3.3 1.0 1.2 
TABLE 5. THE DECOMPOSITION OF VARIOUS CONSTITUENTS OF THE 
WOODY HURD FROM ANAEROBICALLY RETTED SPENCER HEMP. 
(Expressed on basis of 100 grams of original unretted sample.) 
Wood Hot water-
Time content of Nitrogen soluble Cellulose 
retted hemp constituents 
-------------------Days A B A B A B A B 
-------------------
0 79.7 79.7 0.22 0.22 4.7 .... 57.4 57.4 
-------------------
72 84.5 82.9 0.22 0.22 2.4 .... 57.4 56.7 
A-Retted anaerobically; pH controlled. 7.0-6.2; 37° C. 
B-Rctted anaerobi.aHy; pH not controlled; 37° C. 
Furfural 
Fudural from 
(total) cellulose 
--------A B A B 
--
--
----13.4 13.4 8.9 8.9 
--------
13.4 13.1 8.1 8.1 
stituents containing uronic units, until, when retting was 
considered to be complete and regardless of method used, the 
total uronic content of the Ames hemp was about 5.5 percent, 
and only slightly greater in the Spencer hemp. 
Because it appeared that in controlled retting as in field 
retting there was a substantial decrease both in furfuralde· 
hyde yield and total uronic content, and because the con· 
stituent groupings represented by these analyses partially 
overlap, a more detailed study was made of the distribution 
of the uronic units. Extraction with ammonium oxalate 
reduced the uronic content substantially in the case of both 
Ames and Spencer hemp. CO2 evolved from the residue was 
considered to be derived mainly from the polyuronide hemi· 
celluloses. Determination of uronic units of this residue 
indicated that there was considerable attack upon the poly. 
uronide hemicellulose fraction during retting. (Table 6.) 
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The loss of pectin, as assessed by the difference between the 
content of total uronic units and the units found in the 
residue after oxalate extraction, was also considerable 
during retting. On this basis there appears to be no par-
ticular difference in the extent of the attack on pectin and 
polyuronide hemicellulose of the hemp. Considering the loss 
of each constituent based on the amount in the original 
unretted bark, there was in the Ames hemp as great or 
greater proportional loss of uronic units from the polyuron-
ide hemicellulose as from the pectin. In the Spencer hemp 
the pectin uronide loss was usually greater proportionately 
than that of the polyuronide hemicelluloses. (Fi~. 1.) 
COMPARISON OF ANALYSES OF FIELD AND 
CONTROLLED RETTED HEMP 
In order better to compare the composition of bark and 
wood of the same hemp at different stages 'of retting in 
the field and in tanks by the anaerobic controlled method, 
TABLE 6. URONE ANALYSIS OF AMES AND SPENCER HEMP BARK. 
(Ellpreslled on basis of 100 grams of original unretted bark.) 
Bark from Ames bemp Bark from Spencer hemp 
Time Total 
Method of retted ' urone 
retting (hours) units 
UnreUed 0 10.3 
Anaerobic' 12 .... 
Anaerobic' , 48 ';,4 
Anaerobic' 72 3A 
---
Anaerobic' 12 .... 
Anaerobic' 48 5.5 
---
Anaerobic' 72 3,7 
Aerobic 72 6.6 
Aerobic 96 5.4 
Sprinkled 72 6.0 
Sprinkled 96 5.4 
High humidity 120 6.6 
Higb bumidity 144 5.8 
Double ret 30 7.7 
Double ret 60 6.6 
Double ret 72 5.2 
IpH controlled (7.0-5.6). 
2pH not controlled. 
---------PolyUl'Onide Pectin Total Polyuronide 
hemicellulose urone urone bemicellulose 
urone units units units urone units 
4,3 5.9 9.9 3.1 
.... .... 8.5 2.3 
1.8 3,6 6,6 1.6 
1.1 2.3 5,0 1.2 
------
.... . ... 8,7 2,6 
2.0 3,6 6.9 2.1 
1.6 2.1 5.6 1.7 
2,2 4.5 6.7 2.1 
1.6 3.8 5,8 1.7 
1.7 4.3 6.5 2.2 
1.5 3,9 5,7 1.8 
2.1 4.S 7.4* 1.9 
-----
1.8 4.0 6.8** 1.7 
2.3 5,4 7.5 2.4 
2,0 4.6 6.7 2.0 
1.6 3.6 5.7 1.7 
°96 brs.. time retted. 
·°120 hrs.. time retted. 
Pectin 
urone 
units 
6.9 
6,2 
5.0 
3.8 
6.2 
4.8 
3.9 
4.6 
4.0 
4.3 
3.8 
5.6 
5.1 
5.2 
4.7 
4.0 
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Fig. 1. The loss of uronlc groupS from pectin and polynronide hemicellulose as a 
result of rettlng Ames and Spencer hemp by a variety of method •• 
analyses of samples from the two different rets have been 
assembled in table 7. Since no loss in weight figures were 
available for the field-retted hemp the analyses are expressed 
as percent on oven-dry samples. The hemp processed for 
48 hours under controlled conditions and the field-retted 
sample retted for 68 days represent fully-retted hemp. Ex-
cept for nitrogen, which was about twice as high in the 
fully-retted field sample as in the tank-retted hemp, the two 
fully-retted samples appear to be quite similar in composi-
tion. The analyses of the woody core from the two retted 
hemp samples were almost identical. Since the field-retted 
sample retted under favorable conditions, was turned regu-
larly and picked up at the proper time, a fairly uniform 
ret was accomplished~ Unfortunately field conditions are 
not always so favorable for obtaining such uniformity. 
TABLE 7. THE DECOMPOSITION OF VARIOUS PLAN'r CONSTITUENTS OF AMES HEMP RETTED IN THE FIELD AND 
ANAEROBICALLY UNDER CONTROLLED CONDITIONS. 
(Expressed on b,,:sis of 100 grams of oven-dry sample.) 
Hot water- Total Fnrfural ,Polyuronide 
Time Nitrogen soluble Cellulose furfural from Total hemicellulose 
retted constituents yield cenulo~e urQne urone 
Dr" H0B'rs --A--l--n-- --A--,--B-- --A--,--n-· --A--l---n-- --A--,--n-- --A--I--n-- --A--I--n-
--1------------------
nark 
o o 0.78 0.78 14.8 14.8 62.9 62.9 4.4 4.4 1.3 1.3 10.3 10.3 4.3 4.3 
15 36 0.67 0.69 8.2 8.3 69.1 69.8 3.4 3.2 1.3 1.4 8.8 
32 48 0.82 0.15 1.6 6.2 13.3 13.6 3.1 2.8 1.2 1.3 7.8 6.2 2.1 
68 72 1.35 0.70 7.3 5.2 77.7 76.1 2.6 2.5 1.1 1.1 6.6 4.6 3.0 1.5 
Woody Hurd 
a 0 0.32 032 4.1 4.7 55.9 55.9 14.2 14.2 9.2 9.2 6.6 6.6 .... .. .. 
--1-1-1--1-1--1--1-1-1-1-1-68_172 0.27- 0 .. 31' 2.51 2.3 58.2 58.4113.9 14.~ I 9.1 -g.7 6.1 6.5 .... . ... 
A-Field retted. 
B-Controlled retted (anaerobic water ret at 37· C., pH controlled). 
<:.0 
C\:l 
<:.0 
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CHANGES INVOLVED IN THE DECOMPOSITION OF 
HEMP BARK BY PURE CULTURES OF 
RETTING FUNGI 
Species of certain genera-primarily Alternaria, Hormo-
dendrum, Fusarium, Phoma and Cephalosporium--have 
been identified as being the dominant fungi found on field-
retting hemp (4). In addition during warm, humid periods 
in September 1944, Trichothecium roseum--either alone or, 
not infrequently, associated with Cephalosporium--was 
found in localized areas on hemp stems where the· fiber 
appeared weakened. Since there appeared to be some 
difference in the retting activity of Trichothecium compared 
to the others, pure cultures of all the above-mentioned fungi 
were isolated and inoculated onto stripped hemp bark, and 
their activity in bringing about changes in the various plant 
constituents was followed. 
Green unretted hemp from Grundy Center cut Sept. 25, 
1944, was decorticated in a Johansen decorticator. The bark 
was cut into pieces 112 to 1 inch in length, weighed into 
15-gram lots and placed in pint milk bottles. The hemp was 
sterilized tor 10 minutes at 15-pound pressure in an auto-
clave for two periods 24 hours apart. Additions of 15 ml. of 
water were made to the bark prior to sterilization. 
Each bottle of hemp received 15 ml. of a heavy suspension 
of the desired culture. The moisture added was sufficient 
to saturate the bark but did not allow appreciable amounts 
of free water to collect. Decomposition at 25° C. was allowed 
to continue in one series "for 5 days, in another for 10 and 
in a third for 20 days. Sterilized but uninoculated samples 
were prepared and allowed to stand for equal periods as 
reference material. 
Figures showing the loss in weight and analysis of the 
hemp bark inoculated with the pure cultures appear in 
table 8. The extent of decomposition was about the same 
for the various cultures during the first 5 days, the losses 
ranging between 7.9 and 5.5 percent. The most active 
organism, Alternaria, caused losses of 13.1 and 19.1 percent 
organic matter in 10 and 20 days, respectively. The total 
losses in weight brought about by the different cultures 
within 20 days reveal that the organisms did not differ 
greatly in their ability to decompose the hemp material. 
Trichothecium was not especially vigorous. 
For the most part, the various pure cultures appeared 
to attack the different plant constituents to about the same 
extent. Although the attack on uronic units and fur-
furaldehyde-yielding constituents appeared to be greater 
during the early part of the decomposition, loss of cellulose 
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exceeded all other losses. during the latter stages. Cephalo-
sporium, which attacked as. much as 27.5 percent of the cellu-
lose within 20 days, was the most active cellulose decom-
poser. 
Pectin and the hemicelluloses are the constituents re-
sponsible for the furfuraldehyde yield from hemp. . Data 
in table 8 show that 30 to 40 percent furfural was lost in 
the first 5 days, indicating that attack on the pectin and 
hemicellulose was most extensive during the early stages of 
decomposition. The different cultures appeared to attack 
these constituents to equal extent. The pentose units asso-
ciated with cellulose were removed more or less in propor-
tion to the removal of cellulose. About 35 percent of the 
TABLE 8. DECOMPOSITION OF VARIOUS CONSTITUENTS OF HEMP BARK 
BY FIELD RETTING FUNGI IN PURE CULTURE. 
(Analyses expressed as grams per 100 g. original unretted bark.) 
W~rht Hot water- Furfural Poiyuronide Organism soluble eellu- . Total from Total hemicellulose 
residue constituents los. furfural polyuronid .. urone Urone 
Uninoculated 100.0 10.8 72.1 3.6 2.3 9.1 4.3 
(5 days) 
Alternaria 92.4 11.1 70.1 2.3 1.3 4.7 2.0 
H ormodendrllm 92.4 8.2 72.0 2.5 1.3 4.5 2.3 
Fusarium 93.6 10.8 70.1 2.4 1.2 4.8 2.1 
. 
Phoma 92.2 8.7 70.5 2.7 I ~8 4.5 2.3 
Trickolhedum 92.1 10.3 71.2 2.3 1.2 5.3 1.8 
Cephalosporium 94.S 11.1 69.4 2.7 1.5 5.2 1.9 
(10 days) 
Alternaria 86.9 9.0 63.4 2.0 1.1 4.0 1.7 
H ormodend,um 90.6 8.4 69.5 2.1 1.2 3.8 2.3 
P'tlsarium 90.4 9.7 68.9 2.1 1.1 4.2 2.2 
Phoma 89.S 8.2 68.0 2.2 1.2 3.7 1.6 
Trichalhecium 87.4 10.3 64.4 2.0 1.0 3.8 1.7 
C.pha/ospo';"m 87.1 12.0 59.5 2.4 1.6 4.4 1.6 
(20 days) 
Alkrnaria 80.1 10.5 55.8 1.6 0.8 3.7 1.7 
H ormodendrllm 89.8 8.0 59.1 1.9 0.9 3.7 l;S 
F1,sarium 84.4 10.S 54.6 1.9 0.9 3.7 1.7 
Phomll 86.9 8.9 57.9 1.8 0.9 3.6 1.4 
T,ichothecitlm 87.2 9.1 58.8 2.1 1.1 3.7 1.4 
Cephalosporiltm 80.8 12.8 52.3 1.8 1.0 3.7 1.7 
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total furfural yield of the unretted bark was derived from 
this source. 
In order better to understand the fate of pectin and hemi-
cellulose, analyses for urone were made. During the first 
5 days when all cultures brought about an extensive attack 
on the uronic groups, losses of 40 to 50 percent were sus-
tained. Continued decomposition for an additional 15 days 
resulted in a total loss of about 60 percent urone. By 
determining the urone groups of the residue left after 
exhaustively extracting the pectin with 0.5 percent ammo-
nium oxalate at 75° C., an estimate as to the extent of attack 
on the polyuronide hemicellulose and pectin was made. A 
reduction of about 55 percent of the uronic groups of the 
.hemicellulose and 60 percent of the pectin took place during 
the 20-day period of decomposition. Most of this was lost 
the first 5 days. The attack on the hemicelluloses seemed 
to parallel that on the pectin. . 
DISCUSSION 
Analysis of the constituents of bark from hemp retted 
in the field and by various controlled methods, and of bark 
inoculated by pure cultures was made with a view to follow-
ing the biochemical changes involved in the retting of hemp. 
It was hoped that knowledge of these changes would be an' 
aid in under&tanding the principles involved in retting, 
and would be helpful in the development of procedures for 
controlled retting. 
For the most part, the composition of hemp retted under 
controlled conditions. was fairly uniform, the extent of 
retting probably being reflected more by changes in the 
furfural-yielding constituents and uronic groups of the 
bark as retting progressed than by changes in any of the 
other constituents. Because reduction in uronic content was 
progressive, the quantity of urone was an aid in determining 
the extent of retting that had taken place when hemp was 
processed by different methods and for different lengths of 
time. When the dry unretted Ames hemp had lost about 
45 percent of its initial uronic content, it appeared to be 
retted, regardless of the method used. The corresponding 
figure for the Spencer hemp was a little lower, namely about 
30 percent. The reason for this probably was that a loss, 
not accounted for, had taken place in the field before the 
material was stored. The uronic content of the field-retted 
hemp was quite variable. This may well be expected, since 
the conditions under which hemp rets in different fields 
are variable, permitting, at best, a product none too uniform. 
Moreover, it is not always- possible to pick up hemp at the 
proper stage of retting. Two of the most uniformly well-
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retted field samples, as recorded. in' table, 2,: lost totals of 
33 and.44 percent urone, respectively,which; indicates ,the 
variation in, composition that might be . expected in spite 
of precautions taken to obtain uniform' samples. Over-
retting usually could be detected'in hemp whenever the loss 
of uronic units from the bark amounted to more than 50 
percent. Usually this was accompanied by a marked loss 
in cellulose. Considering the uronic content of field-retted 
bark on a retted basis~ material having less than about 5.5 
percent of these .units appeared to be weak. The critical 
point for controlled retted hemp was somewhat below this, 
possibly because of the ·greater uniformity of retting. 
, The retting o{h~mp certainlycann'ot be ~onsidered to be 
a process involving attack on pectin or pE!ctic substances 
alone, for the hemicelluloses sustained as great an attack 
as pectin whether the hemp was attacked by pure or mixed 
cultures. Usually only about 33 to 45 percent of the urone 
units of the pectin fraction and about 50 percent of the units 
from the polyuronide hemicellulose suffered attack before 
the hemp appeared retted. This agrees fairly well with 
findings of Kalnins (7) that 40 percent of the pectin sub-
stances were decomposed during the retting of flax. The 
above figures are, however, a little lower than those of 
Couchman (3), who recorded a drop from 2.2 to 0.8 percent 
in pectin during the course of flax retting. Most of the loss 
occurred during the first 3 days of a 7-day ret at 33° C. 
Hessler (6) reports that the "pectic substances" were much 
lower in well-retted than in unretted hemp fiber. The term 
"pectic substances" as used by him is somewhat misleading 
. because the figure was obtained by use of the factor X5.67 
from the carbon dioxide liberated and includes a fraction 
properly belonging to the polyuronide hemicelluloses. Hess-
ler also points out that the pentosans of hemp fiber are sub. 
stantially reduced as a result of retting. Since his calculation 
of pentosanswas based upon the total furfuraldehyde yield, 
some of which was derived from uronic groupings, it is not 
possible to separate in his data the effects of retting on 
the pectic substances, the polyuronide hemicelluloses and 
the . pentosans associated with the cellulose. In general, 
however. his' findings are consistent with those described 
in this bulletin;' ~. '. . . 
Marked changes iiI the cellulose 'content of the bark did 
not occur until the fibers had begun to deteriorate. Certain 
small losses of cellulose during the process of retting should 
not be viewed with alarm, because the cellulose of the soft 
parenchyma tissues surrounding the thick-walled fiber cells 
must undergo some decomposition before the fibers are 
released and the hemp is censidered retted. Just how much 
cellulose can be expected to be lost witheut indicating injury 
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to the fibers will, of course, vary with-material from different 
sources and different stages of maturity, but it is reasonable 
to expect that at least 5 percent will be lost before any real 
damage to the fibers will occur. 
Since under field conditions T; -roseum appeared to be 
more destructive to the hemp fiber bundles than other fungi 
when the weather was warm and humid, the activity of this 
organism on hemp bark in pure culture might have been 
expected to be different from that of other commonly found 
retting fungi. However, the six pure cultures _tested ap~ 
peared to attack the various plant constituents to equal 
extent. The same constituents that were most extensively 
attacked when hemp 'was retted under field or controlled 
conditions also 'suffered the greatest loss when decomposed 
by these pure cultures. -
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